Objectives-To develop and evaluate a new immunohistochemical method to study the localisation and phenotype of individual cytokine producing cells in synovial biopsy specimens in rheumatoid arthritis. Methods,-Cryopreserved sections of synovial tissue from nine patients with rheumatoid arthritis were incubated with carefully selected cytokine specific antibodies detecting 19 different cytokines, after fixation of the specimens with paraformaldehyde and using saponin to permeabilise the cell membranes. Results-The immunohistochemical method yielded reproducible and distinct staining patterns, in which the cytokines accumulated mainly in the Golgi apparatus of producer cells, indicating that the method preferentially detected local synthesis rather than cytokine uptake. The cytokine production patterns varied considerably between biopsy specimens from different patients. Conclusion-The present modified immunohistochemical method may provide a simple and rapid way to determine the local production of a wide array of cytokines in the synovium. The data obtained with this method also indicated that more T cell derived cytokines than previously recognised were present in active synovitis, as located and sampled by arthroscopy.
Abstract
Objectives-To develop and evaluate a new immunohistochemical method to study the localisation and phenotype of individual cytokine producing cells in synovial biopsy specimens in rheumatoid arthritis. Methods,-Cryopreserved sections of synovial tissue from nine patients with rheumatoid arthritis were incubated with carefully selected cytokine specific antibodies detecting 19 different cytokines, after fixation of the specimens with paraformaldehyde and using saponin to permeabilise the cell membranes. Results-The immunohistochemical method yielded reproducible and distinct staining patterns, in which the cytokines accumulated mainly in the Golgi apparatus of producer cells, indicating that the method preferentially detected local synthesis rather than cytokine uptake. The cytokine production patterns varied considerably between biopsy specimens from different patients. Conclusion-The present modified immunohistochemical method may provide a simple and rapid way to determine the local production of a wide array of cytokines in the synovium. The data obtained with this method also indicated that more T cell derived cytokines than previously recognised were present in active synovitis, as located and sampled by arthroscopy.
(Ann Rheum Dis 1995; 54: [654] [655] [656] [657] [658] [659] [660] [661] The role of different cytokines in the development of synovitis in rheumatoid arthritis (RA) has been a matter of considerable debate during recent years. Early studies showed that T lymphocytes infiltrating the rheumatoid synovial tissue expressed various cell surface activation markers, for example HLA-DR,1'2 suggesting that T lymphocytes have an active role in the inflammatory process in the synovial membrane. 3 Later, results were presented that indicated an abundance of macrophage derived cytokines such as interleukin (IL)-1, IL-6, IL-8, tumour necrosis factor cx (TNFot), and granulocyte macrophage colony stimulating factor (GM-CSF),4`but a relative paucity of T cell cytokines such as IL-2, IL-3, IL-4, and interferon gamma IFN-y' 124 in the rheumatoid joint. These data provoked some doubts concerning the importance of T cell activation in the pathogenesis of RA,5 but also called for more extensive studies on cytokine production at various stages of the development of synovitis.
A considerable number of studies have subsequently addressed the question of local cytokine production in the rheumatoid joint. Most of these studies, however, are associated with two distinct problems. First, all studies so far performed have analysed only a few cytokines at a time, which has limited comparative studies of the production of the wide array of cytokines that are now known to interact in a synergistic or antagonistic way in an inflammatory lesion. Second, the synovial tissues analysed have in most cases been obtained at orthopaedic surgery-that is, at late stages of disease.
To address both these problems, we aimed to develop methodology to detect a large number of simultaneously produced cytokines in arthroscopically obtained biopsy specimens from RA patients. We have developed and recently described a procedure used in human tonsils'6 and rectal biopsy specimens ' Highly purified natural or recombinant cytokines were used to block specific cytokine staining. The appropriate cytokine was added (in excess, at a concentration of 20-50 jig/ml) to its corresponding cytokine specific antibody (2-5 pug/ml) at 4°C overnight. Staining with the complex was performed as described previously and compared with results obtained by combining anticytokine MAb preincubated with other cytokines as a control.
The following cytokines were used in these specificity tests: natural IL-lcx (Dr C Heusser, Basel) and IL-I (Dr C Dinarello, Boston), recombinant (r) IL-Ira (Dr H Towbin, Basel), rIL-2, rIL-3, rIL-4, rIL-5, rIL-6, rIL-8 (Genzyme Corp, Boston), rIL-8 (Dr Ceska, Vienna), natural IL-10 (Dr J Abrams, Palo Alto), rTNFa and rTNF, (Bayer Inc, Hannover), rIFN-y (Boehringer Ingelheim Inc, Vienna), rGM-CSF (Sandoz Inc, Basel), recombinant granulocyte colony stimulating factor (rG-CSF) (Hoffnan La-Roche, Basel) and bovine transforming growth factor (TGF)1PI (Dr C Snapper, Bethesda), rTGFP2 (Genzyme, Boston), and large latent TGFP complexes (Dr K Miyazono, Ludwig Institute, Uppsala).
QUANTIFICATION OF STAINED CELLS
For identification, cytokine producing areas were visualised in a Reichert-Jung microscope (Polyvar II, Reichert-Jung, Vienna) under X 100 magnification. Cytokine expression was assessed as the number of positively stained cells of the whole tissue section. Positively stained cells were scrutinised in high power fields (X400 magnification). fig 1D) , the transport protein for TGF. The specificities of the extracellular and the intracellular immunoreactivity were verified by their complete inhibition by preincubation of the cytokine specific MAb with the relevant corresponding human cytokines, but not with other cytokines (fig 1B v 1C) .
A total of nine different synovial tissues were stained with antibodies against 19 different cytokines (table 1). Production of one or several of these cytokines was detected in all of the synovial biopsy specimens, although with a very heterogenous pattern of production among the patients studied (table 2) . Positive control stainings were performed using anti-CD3 and anti-HLA-DR antibodies which showed the expected increased HLA-DR expression and extensive T cell infiltration in all specimens examined (fig 2A) -an appearance characteristic for diagnosis of RA.3' Mouse, rat or rabbit myeloma proteins were used as negative control staining antibodies; these control stainings were negative in all but two biopsy specimens (from patients 2 and 6), both of which contained rheumatoid factor producing cells in the synovial membranes. As the positively stained cells in these biopsy specimens appeared morphologically to be plasma cells, we assume that the background signals were caused by intracellularly produced RF interacting with exogenous Ig used for staining.32
IDENTIFICATION OF MONOKINE PRODUCTION
There was great variation between patients in production of cytokines known to be produced mostly by macrophages (IL-la, IL-i1 P, IL-ira, IL-6, IL-8, TNFot, GM-CSF and G-CSF) ( 0  1  0  1  0  0  0  0  2  7-4  2  3  3  0  3  3  3  3  3  90  1  1  2  0  1  0  1  1  4  20-7  1  3  0  0  3  3  1  3  5  7-8  1  0  3  2  2  1  3  1  6  7-5  2  3  3  3  2  3  2  1  7 tSynovial membrane contained rheumatoid factor producing plasma cells.
these three proteins was located primarily in irregularly shaped macrophage like cells, which were situated in both the lining layer and the sublining layer ( fig 1F) . IL-Ira production was also demonstrated in endothelial cells of blood vessels (fig 1 G) . Staining for TNFot was evident in six of nine tissues and was present mainly within the lining layer ( fig 1E) . GM-CSF antibody gave a strong positive reaction in eight of nine tissues, in most cases more widespread than that for either TNFoe or IL-1. Staining for GM-CSF was particularly prominent in the lining layer and, notably, there was also a pronounced extracellular staining for GM-CSF in five of nine tissues ( fig 2F) . G-CSF antibodies yielded positive staining in six of nine tissues and this was also combined with a substantial extracellular staining, particularly in the sublining layer. IL-8 staining was present in seven of nine tissues, where it was most conspicuous in the lining layer and in fibrotic areas. Many IL-8 positive cells resembled fibroblasts morphologically.
IDENTIFICATION OF TGFI
The intensity of TGF,3 staining was impressive and the frequency of TGF,2 producing cells, in particular (fig 1C) , outnumbered that of all other studied cytokines. The consistent extracellular localisation of large amounts of TGF, suggested a localised storage depot in the tissues. Most regions staining for TGF, coexpressed LTBP, the transport protein for TGF,B, indicating that the extracellular presence of TGF, was a consequence of active secretion, rather than a result of leakage of latent TGF,3 complexes ( fig 1D) .
IDENTIFICATION OF LYMPHOKINE PRODUCTION
Staining for IFNy was seen in six of nine tissues ( fig 2D) and that for IL-2 in five of nine tissues ( fig 2G) . Typically, the vast majority of CD3 positive T cells did not show any signs of IFN-y or IL-2 synthesis, but positive staining for each of these cytokines was preferentially located within certain aggregates of CD3 positive cells, other apparently identical T cell clusters being completely negative for IL-2 and IFNy.
TNFP was found in five of nine biopsy specimens, mainly at the sites that stained for TNFot, although the TNF3 staining was more limited. One biopsy specimen showed TNF,3 producing cells, but no evidence of TNFa production.
With Our technique for both fixation and permeabilisation, combined with staining with 19 different cytokine antibodies selected very carefully from a total pool of several thousand different MAbs, should confer certain advantages compared with previously described methods for detection of local cytokine production in synovitis. The technique gives a considerably clearer staining morphology to intracellular organelles than do other methodologies, thereby apparently also permitting a distinction to be made, on frozen sections, between local production of a cytokine and the presence of a cytokine which had been produced elsewhere. [16] [17] [18] The intracellular staining of cytokines confined to the Golgi apparatus (with the exception of IL-1 cytokines) has previously mainly been used in in vitro model systems,'9 in which it has been shown to correlate well with the production of cytokine mRNA20 and cytokine secretion in supernatants. '9 20 This colocalization was confirmed by two colour staining with Golgi specific and cytokine specific MAb. '6 19 No such comprehensive methodology has previously been described for the detection of distinct sites of local cytokine production in sections taken from tissues in active synovitis, and some cytokines studied here, such as IL-5 and IL- 13 regimens affecting cytokine regulation. The present study demonstrates that distinct staining patterns can be identified in biopsy specimens acquired by arthroscopy. However, it will be important to perform additional studies of the local variability of cytokine production within a given joint before embarking on larger clinical follow up programmes.
The diversity of the patterns of staining for cytokine production in the synovia studied, and the presence of T cell cytokines in certain biopsy specimens deserve special attention. The results from staining studies in some of the synovial tissues clearly correspond well with previously reported data on the predominance of mainly monocyte/macrophage derived cytokines (such as IL-1, IL-6, IL-8, TNFac, GM-CSF, and G-CSF) in the rheumatoid joint.4'-" The strong staining for the three isoforms of TGF, in certain tissues also agrees with findings of earlier reports.33 Studies of T cell cytokines at a protein level in the rheumatoid joint have been more scarce, and it was therefore of particular interest to observe distinct production of many putatively T cell derived cytokines such as IL-2, IL-3, IL-4, IL-5, IL-10, IL-13, IFN-y, and TNFI in clusters of cells having lymphocyte morphology, in several biopsy specimens obtained from active synovitis in rheumatoid arthritis. We believe that we have managed to obtain these new results because of our meticulous selection of cytokine detecting antibodies and our tissue handling technique. The T cell origin of some of the IL-4 production was confirmed by two colour staining for surface CD3 markers and intracellular IL-4 ( fig 2E) . Some of these lymphoid aggregates demonstrated simultaneous production of lymphokines mediating cytotoxicity and macrophage activation (Thl response), such as IL-2 and IFN^y, and lymphokines promoting antibody formation (Th2 response), such as IL-4, IL-10, and IL-13. These clusters were often seen adjacent to lymphoid infiltrates having identical histopathological features without any signs of current cytokine production.
As to the meaning of these staining patterns, it is immediately apparent that we do not as yet have enough information from basic model systems on similar comprehensive patterns of cytokine production to provide an adequate interpretation. Detection ofcytokine producing cels in the RA synovial membrane with that of a T cell dependent chronic inflammatory disease. Clearly, however, studies to date on cytokine patterns in human and experimental disease represent only the beginning of a more comprehensive descriptive analysis which is required to further understanding of the role of local cytokine regulation in chronic inflammation and subsequently to direct our efforts to modify this regulation.
Also ofrelevance to the subject ofthe present study is the need for such descriptive studies to be undertaken with due consideration of the clinical and local status ofthe disease processwhich by implication necessitates the acquisition of biopsy specimens via arthroscopy, preferentially repeatedly in longitudinal studies. We believe that the technique we describe for rapid analysis of a large number of cytokines will be helpful in the exploration of pathogenetic mechanisms in RA and the evaluation of new therapeutic regimens.
